Taurine is reported to increase contractility of skeletal muscle and cardiac myocyte, which can increase exercise performance. The present study aimed to clarify tau rine's effect on chronic endurance exercise, especially accumulation of lactic acid (LA), a marker of fatigue and ability of aerobic exercise, and urinary secretion of 3-methylhistidine (3-MH), a marker of muscle breakdown in rats. After exercise blood levels of LA and urinary excretion of 3-MH were significantly increased and this increase was significantly less in those with chronic treatment of taurine. Taurine treatment also significantly decreased fat accumulation and blood levels of cholesterol and triglyceride, which might improve insulin resistance and utilization of fat and glucose. These results indicate taurine treatment is use ful for reducing physical fatigue and muscle damage during exercise training in rats, pre sumably due to antioxidant property and improvement of muscle and cardiac functions by taurine.
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Key Words taurine, lactate threshold, lactic acid, 3-methylhistidine, exercise
Taurine (2-aminoethanesulfonic acid) is a condition ally-essential amino acid which is not utilized in protein synthesis, but rather is found free or in simple peptides. Metabolic actions of taurine include bile acid conjuga tion, detoxification, membrane stabilization, osmoregu lation, and modulation of cellular calcium levels (1, 2) . Clinically taurine has been successfully used in the treatment of the following conditions: cardiovascular diseases, hypercholesterolemia, epilepsy, muscular de generation, Alzheimer's disease, hepatic disorders, alco holism, and cystic fibrosis (3) . Taurine also increases contractility of heart and skeletal muscle by modifying membrane chloride conductance and intracellular Ca2+ (4, 5) . These findings suggest that taurine can improve cardiac as well as skeletal muscle function. Perfor mance of aerobic exercise is determined mostly by car diopulmonary and skeletal muscle function. In agreement with these findings, some studies reported that taurine supplementation increased echocardio graphic cardiac function in humans (6) . In addition, taurine has antioxidant property, which is beneficial for protection of skeletal muscle damage during strenuous exercise. There have been, however, no detailed studies on taurine's effect on fatigue and muscle damage after exercise. The lactic acid (LA) is generated during anaer obic metabolism, which is associated with physical fatigue. In the present study, we measured LA accumu lation, a marker of anaerobic exercise and subsequent fatigue, and 3-methylhistidine (3-MH), a marker of muscle damage to study the effect of taurine on exer cise. The results showed taurine treatment significantly reduced LA accumulation and urinary excretion of 3 MH after exercise, suggesting that taurine is beneficial for exercise training. (n=8). Exercise protocol. Exercise training of the rats was performed using a treadmill (Model 42-15, Quinton Corp., Seattle, USA) with a constant speed (20m/min) at 15:00 to 16:00 every day for 4wk. Running time was increased gradually from 25min by 5min daily for 3d. From 4th day running time was fixed to 40min. Taurine 200mg in 2mL water was administered to stomach by tube twice a day (9:00 and 17:00). The dose of taurine was similar to previous studies (7), although it was much larger for supplementation of humans.
Blood and urinary analysis. At each week, blood samples were collected from the jugular vein 5min after exercise training. Food was withdrawn at 7:00 and exercise was performed at 16:00, so that the blood sample was collected after at least 10h fasting. Plasma levels of pyruvate and lactate were measured by enzy matic fluorimetric method (8), and the plasma level of glucose by the glucose oxidase method (Toecho Super, Kyoto Daiichi Kagaku, Kyoto, Japan). The plasma levels of lipids were measured using commercial kits (Wako Pure Chemical Industries, Ltd., Tokyo, Japan). Free amino acid was measured by ion-exchange chromato graphy, using an automatic amino acid analyzer (Model A-8700, IRICA Instruments Inc., Kyoto, Japan) (9).
Urine was collected every 24h and concentration of 3-MH and creatinine were measured. 3-MH was mea sured using an automatic amino acid analyzer (Model A-8700, IRICA Instruments Inc.).
Body fat content. Fat content of the rat was mea sured gravimetrically by a Goldfish apparatus after hot ether extraction. Protein-and fat-energy in the body was calculated by multiplying the amounts of protein and fat by 5.74 and 9.30kcal/g, respectively (10). 
RESULTS
Food intake and body weight During the first and second weeks, four rats without taurine treatment (44%) could not complete the proto col and exercise was discontinued. They gradually accustomed to exercise and after the third week, they could complete 40min running. All rats with taurine treatment could complete the protocol. Table 1 shows intake of food and weight gain in each group. Food intake (p<0.05) and weight gain (ns) were slightly greater in the sedentary-taurine group than in the sedentary-untreated group. In the exercise groups, food intake was greater than in the sedentary groups. Weight gain was smaller in the exercise groups than in the sedentary groups. However, there was no signi fi cant effect of taurine treatment on food intake or weight gain in either group. Blood chemical studies
There were no significant changes in hematocrit dur ing the experiment in any group (data not shown). Fig  ure 1 shows the changes in plasma levels of lactic acid (LA) and pyruvic acid (PA) 5 min after exercise training. There were no significant changes of these values in the sedentary rats. On the first week we gradually increased running times. The plasma levels of LA were increased after starting the exercise training with increased run ning time and showed their peak at the second week. After running time became stable these values were gradually decreased with time. The increase in plasma levels of LA was significantly smaller in exercise-taurine group than in exercise-untreated group. The plasma levels of PA were decreased after exercise but there were no significant differences among groups. (Table  3) .
Urine analysis Figure 3 shows urinary excretion of creatinine and 3 -methylhistidine (3-MH). In unsupplemented groups , There have been many studies that showed the effect of taurine on exercise capacities, although no studies on LA accumulation after exercise. Two possibilities were considered for the decreased LA accumulation after exercise, protective effect of taurine to muscle damage and increased exercise capacities. Taurine is involved in a number of crucially important processes, includdding calcium ion flux, membrane stabilization, and detoxi fi cation. Taurine comprises over 50% of the total free amino acid pool of the heart (11). It has a positive iso tropic action on cardiac tissue (12). Taurine increases the calcium levels in guinea-pig ventricular strips (4). Baum and Weiss reported that the caffeine and taurine containing drink "Red Bull" improved cardiac parame ters in endurance trained subjects performed an exhaustive bout of endurance exercise but caffeine alone did not (6) . These findings indicate that taurine might improve cardiac function and increase lactic threshold. The reduction of taurine content could play a role in the alteration of electrical and contractile properties observed during aging. Lower levels of taurine were found in aged rats compared to young rats. A reduction of resting chloride conductance and a decrease of the voltage threshold for contraction are observed during aging in rat skeletal muscle. The above alterations are also observed in the muscle of adult rats after taurine depletion. The taurine treatment improved the mechan ical threshold for contraction of striated fibers which in aged rats is shifted toward more negative potentials, moving it toward the adult values. These findings may indicate a potential application of taurine in ensuring normal muscle function in the elderly or in muscle of adult rats after taurine depletion (13). Soy bean protein used in the present study is adequate in most essential amino acids with the exception of methionine and cys teine, which are sources of taurine. Consequently tau rine concentration in our rats might be reduced more than in rats fed an ordinary diet.
We could not deny possibility of increased clearance of LA after exercise. Skeletal muscle has been consid ered as the site of LA production during contraction.
Recently, it was recognized that skeletal muscle not only plays an important role in LA production but also in LA clearance.
In the present study, we did not study the clearance of LA by skeletal muscle, and further investi gation is needed to clarify effect of taurine on clearance. Intense exercise induces significant changes in the free intracellular amino acid pool in skeletal muscle, a aminobutyric acid, alanine, glycine, isoleucine, serine, valine threonine, and tyrosine decreased significantly, but taurine increased significantly (14). Physical train ing increases maximal oxygen uptake and increase plasma concentrations of taurine and cystine (15). In the present study, urinary excretion of 3-MH was signi fi cantly increased after exercise and this increase was suppressed by administration of taurine. Excessive physical stress inflicts minor trauma on the skeletal muscles and can deplete some antioxidant amino acid levels such as glutathione, and increase uri nary loss of sulfate (16, 17) . For the athlete in training, muscle catabolism or a decrease in plasma sulfur amino acid is counterproductive. Optimal intakes of sulfur amino acids, such as taurine, during training may exert a proinflammatory influence, and protective effect of taurine on muscle might be mediated by its antioxida tive properties (18).
Taurine conjugation of bile acids has a significant effect on the solubility of cholesterol, increasing its excretion, and administration of taurine has been shown to reduce plasma cholesterol levels in the present study as well as in previous studies (19, 20) . These properties of taurine might improve insulin sensi tivity, which increases blood flow to muscle and glucose uptake by muscle. In addition, taurine treatment fur ther reduced% total fat of the rats with exercise, which also favor exercise performance.
Taurine is one of the most abundant free amino acids in many tissues, including skeletal and cardiac muscle, and the brain. Compared to other mammals, however, humans have relatively low enzyme activity to produce taurine (cysteinesulfinate decarboxylase), and lower capacity for taurine synthesis (21). The result of the study suggest that supplementation of taurine has ben eficial effect on exercise performance in rats with depleted taurine. The finding that humans have less capacity to produce taurine indicate that taurine sup plementation in humans might be more effective than in rats, but it is unclear to what extent this study can be extrapolated to humans. 
